A series of apocarotenoids (1-8) and one carotenoid (9) were isolated from the leaves of Withania aristata. In addition, the tetraacetylated apocarotenoid glucosides 10-12 were obtained by acetylation, with derivative 9-hydroxymegastigma-4,6E-dien-3-one 9-O-β-D-glucopyranoside tetraacetate (10) being described for the first time. The structures have been determined by spectroscopic and spectrometric means, mainly NMR and ESI-MS, and comparison with data reported in the literature. These metabolites were evaluated on a systematic phytotoxicity assay using the etiolated wheat coleoptile bioassay. Compounds 1-3, 9 and 12 were further assayed for their phytotoxicity on the target species Lepidium sativum, Lactuca sativa, Lycopersicum esculentum and Allium cepa. Among the assayed compounds, lutein (9) showed the most significant values for phytotoxicity, followed by the non-glycosylated apocarotenoids (6S, 9R)-vomifoliol (1) and 9-hydroxymegastigma-4,6E-dien-3-one (2).
Allelochemicals are considered to be promising sources of new tools for agricultural pest management. They potentially have more specific interactions with target organisms and may be less environmentally damaging, features that make them attractive as agrochemicals. In addition, these metabolites may have novel or multiple modes of action, which could further enhance their effectiveness [1] . Despite the extremely wide variety of structures isolated, and the bioactive effects that they exhibit, commercial allelochemical products with applications in pest management have seldom been developed [2] .
Withania aristata, locally known as "orobal", is an endemic species distributed over the western islands of the Canary Islands, and it is widely used in folk medicine for its antitumor and antispasmodic properties, in rheumatic and eye problems and in otitis, as well as for insomnia and urinary pathologies [3] . In previous phytochemical studies on W. aristata, six withanolides [4, 5] have been reported.
In this research, we report the isolation of eight apocarotenoids (1-8) and one carotenoid (lutein, 9), this being the first description of these types of compounds in a Withania species. In addition, three peracetylated apocarotenoid glycosides (10) (11) (12) were obtained by means of acetylation ( Figure 1 ). Their structures have been elucidated on the basis of spectroscopic 1D and 2D NMR techniques, and confirmed through comparison with literature data.
The general bioactivity of compounds 2-4 and 6-12 were screened using the etiolated wheat coleoptile bioassay. Moreover, compounds 1-3, 9 and 12 were further assayed on four target species, using the effect on germination and the shoot and root lengths as parameters to study.
After acetylation of fraction IX, obtained by chromatography of the CH 2 Cl 2 extract of leaves of W. aristata, and further purification of the crude extract, derivatives 10-12 were obtained. Compound 10 showed UV absorption maxima at 230 and 285 nm, indicating an enone structure. HRESIMS indicated a molecular formula C 28 anomeric proton, and signals that suggest the presence of a tetraacetyl-β-D-glucopyranosyl moiety, with data in good agreement with those reported for other β-glucopyranosides [6] . In the 1 H NMR spectrum three methyl groups at δ 1.27 (Me-11, Me-12) and δ 2.08 (Me-13) as singlets, one methyl doublet at δ 1.22, four aliphatic protons at δ 2.36 (d, J = 8.1 Hz, H-2) and δ 2.61 (dd, J = 7.0, 13.4 Hz, H-8), one methine proton as a multiplet at δ 3.88 (H-9), and two olefinic protons at δ 5.90 (s, H-4) and δ 6.10 (t, J = 6.3 Hz, H-7) were also observed. The 13 C NMR spectrum and DEPT experiments showed 13 carbon signals, including four methyls, two methylenes, one aliphatic methine, four olefinic carbons, a quaternary and a carbonyl carbon. All the carbons were correlated to the corresponding protons on the basis of an HSQC experiment. These data led us to conclude that the aglycon part of 10 resembles the 9-hydroxymegastigma-4,6E-dien-3-one structure of compound 2. The COSY experiment showed correlation of the carbinol methine at δ 3.88 (H-9) with the doublet methyl at δ 1.22 (Me-10) and the H-8 aliphatic protons signals at δ 2.61. The latter protons were correlated to the H-7 proton at δ 6.10. The HMBC experiment showed correlations of H-4/C-2, C-5, C-6 and C-13, of H-2/C-1, C-3, C-11 and C-12, and correlation of the anomeric protons H-1', H-7, H-8 and H-10 with the carbon C-9 (δ 75.4). The configuration of the C6-C7 olefinic bond was assigned as E on the basis of a ROESY experiment, which gave ROE between H-7 and H-13. Thus, the structure of the not previously described compound 10 was established as 9-hydroxy-megastigma-4,6E-dien-3-one 9-O-β-Dglucopyranoside tetraacetate.
The bioactivity of compounds 1 [7] and 5 [8] , using etiolated wheat coleoptiles, and the effects of compounds 1 [9] , 2 [10] and 3 [11] on germination and growth of Lactuca sativa, have been reported. Furthermore, the phytotoxic effects of compounds 4, 5 [12] , 6 [13] , 7 and 8 [14] have been previously evaluated using standard target species. In order to complete the phytotoxic activity of the isolated compounds, 2-4 and 6-12 were evaluated for bioactivity on etiolated wheat coleoptiles ( Figure 2 ). This bioassay is intended to be a preliminary test [15] . The highest concentration tested for 4, 7, 8, 10 and 11 was 1 mM, whereas 2, 3, 6, 9 and 12 were tested from 500 μM. Compounds 4, 6, 9 and 10 present the highest levels of activity, with values near to -50% of inhibition at the highest concentration tested.
The phytotoxicity bioassay on standard target species (STS) [16] was further applied to compounds 1-3, 9 and 12 ( Figure 3 ). In general, the compounds showed potency from low to moderate, with germination being the most sensitive parameter. The monocot was less sensitive than the dicot species, therefore the development of the onion is not affected by the compounds. Onion was not affected by compound 1, nevertheless, 6 [13] , which differs only by the lack of the hydroxyl group at C-6, showed some effects on this species (germination, -38%, 100 μM; root length, +63%, 100 μM) whereas 4 [12] , the oxidation product of 1 at C-9, did not. Among the assayed compounds, lutein was the most active, with 66% inhibition of germination of L. sativa at the higher assayed concentration (500 μM). Moreover, all the compounds showed moderate inhibition of germination of L. esculentum, with 2 and lutein being the most active compounds (approximately 40% inhibition). Also, lutein had an effect on the root and shoot lengths of L. esculentum (44 and 48% inhibition, respectively). Regarding the effects on L. sativum, lutein showed higher or similar inhibition of the three parameters evaluated than Logran (31% inhibition on germination, and 34% and 16% on root and shoot lengths, respectively), which was used as a control. Compound 4 has also been reported to inhibit the germination of L. sativa [12] . These results indicate that lutein showed the most significant values of phytotoxicity followed by the nonglycosylated apocarotenoids 1 and 2. Furthermore, the presence of an α,β-carbonyl and a hydroxyl group (2 versus 3) at C-3 and C-9, respectively, seem relevant for the phytotoxicity.
Experimental

General experimental procedures:
Optical rotations were measured on a Perkin Elmer 241 automatic polarimeter in CHCl 3 at 20ºC and the [α D ] are given in 10 -1 deg cm 2 g -1 . UV spectra were obtained on a JASCO V-560 spectrophotometer. IR (film) spectra were measured on a Bruker IFS 55 spectrophotometer. 1 H, 13 C, DEPT, COSY, ROESY, HSQC and HMBC NMR experiments were performed on a Bruker Avance 400 spectrometer, and chemical shifts are shown in δ (ppm) with tetramethylsilane (TMS) as internal reference. HR ESIMS spectra were obtained using a LCT Premier XE Micromass Electrospray spectrometer. Silica gel 60 (particle size 15-40 and 63-200 μm) for CC, and Silica gel 60 F 254 for preparative TLC plates were purchased from Macherey-Nagel, and Sephadex LH-20 for exclusion chromatography was obtained from Pharmacia Biotech. 
Extraction and isolation:
The air-dried powdered leaves of W. aristata (1.65 kg) were exhaustively extracted with CH 2 Cl 2 in a Soxhlet apparatus, and the solvent was evaporated under reduced pressure. The residue (71.0 g) was fractioned initially by vacuumliquid chromatography on silica gel eluting with nhexane-EtOAc mixtures of increasing polarity (from 100:0 to 0:100) to afford 9 fractions (I-IX). Fractions II-V, containing apocarotenoids by preliminary 1 H NMR spectral examination, were subjected to CC over Sephadex LH-20 (n-hexane-CHCl 3 -MeOH, 2:1:1), and silica gel (CH 2 Cl 2 -acetone of increasing polarity). Preparative TLC developed with CH 2 Cl 2 -acetone (9:1) was used to purify the known compounds: (6S, 9R)vomifoliol (1, 31.0 mg) [17] , 9-hydroxymegastigma-4,6E-dien-3-one (2, 5.4 mg) [10] , 3-oxo-α-ionone (3, 6.5 mg) [18] , (6S)-3-oxy-6-hydroxy-δ-ionone (4, 4.5 mg), annuionone D (5, 1.4 mg) [12] , (6R,9R)-3oxo-α-ionol (6, 2.0 mg) [13] , (-)-loliolide (7, 4.3 mg) [19] , (+)-isololiolide (8, 2.5 mg) [20] and lutein (9, 110 .0 mg) [21] . Fraction IX was concentrated under reduced pressure to dryness, and the residue (200 mg) was acetylated with 2 mL of Ac 2 O and 0.5 mL of pyridine at room temperature overnight. The peracetylated glycosides were further separated by flash chromatography, using 150 mL of n-hexane-EtOAc (1:5) as eluent. Preparative TLC, developed with CH 2 Cl 2 -acetone (9:1), was used to isolate and purify the not previously described peracetylated derivative 10 (2.0 mg) [22] , and two known compounds, blumenol A β-D-glucopyranoside tetraacetate (11, 2.5 mg) [23] and byzantionoside B tetraacetate (12, 8.5 mg) [24] .
9-Hydroxymegastigma-4,6E-dien-3-one 9-O-β-Dglucopyranoside tetraacetate (10)
Colorless amorphous solid Coleoptile bioassay: Test solutions were prepared using 0.5% DMSO as co-solvent. Bioassays were performed as follows: 5 three-days-old etiolated weed coleoptiles (4 mm) were placed in test tubes filled with 2 mL of either control or test soln. Four replicates per treatment were used and bioassays were run in duplicate. All manipulations were performed under a green safelight [25] . Test tubes were placed in a rotor and kept at 22ºC for 24 h. in dark conditions [26] . Phosphate-citrate buffer (2 mL) containing 2% sucrose at pH 5.6 was added to each test tube. Coleoptiles were digitalized and their lengths measured to obtain the activities. Data were statistically analyzed using Welch's test [27] . Data are presented as percentage differences from control.
Phytotoxicity bioassay:
Allium cepa L. (Amaryllidaceae, onion), Lycopersicum esculentum Will. (Solanaceae, tomato), Lepidium sativum L. (Brassicaceae, cress) and Lactuca sativa L. (Asteraceae, lettuce) were assayed in this study [16] . Bioassays were conducted using Petri dishes (50 mm diameter) with one sheet of Whatman No.1 filter paper as support in aqueous solutions at pH 6.0 using 10 -2 M 2-[Nmorpholino]ethanesulfonic acid (MES) and 1M NaOH (pH 6.0). Test solutions were prepared using 0.5% DMSO as co-solvent. Four replicates with 20 seeds each were used. After adding seeds and aqueous solutions, Petri dishes were sealed with parafilm to ensure closedsystem models. Seeds were further incubated at 25ºC in a Memmert ICE 700 controlled environment growth chamber in the dark. Bioassays took 4 days for cress, 5 days for lettuce and tomato, and 7 days for onion. After growth, plants were frozen at −10ºC for 24 h. The commercial herbicide Logran ® (terbutryn, 59.4% and triasulfuron, 0.6%), was used as an internal reference at the same concentrations.
Evaluated parameters (germination rate, root length and shoot length) were recorded using a Fitomed © system [28] . Data were analyzed statistically using Welch's test, with significance fixed at 0.01 and 0.05. Results are presented as percentage differences from the control. IC 50 values were obtained after adjusting phytotoxicity data to concentration (logarithmic scale), to a sigmoidal dose-response curve, defined by the equation:
where X indicates the logarithm of concentration, Y indicates the response (phytotoxicity) and Y max and Y min are the maximum and minimum values of the response, respectively. Goodness of fit is described by the determination coefficient (r 2 ). The adjustment and the r 2 were obtained using GraphPad Prism® software v. 4.00.
